APPENDI X B

SO L BEARING VALUES and SO L LOAD TESTS

I ntroducti on

In the case of bridge foundation design, determ ning the
supporting capacity of a given foundation material wth
sufficient accuracy to ensure an adequate structural design
requires a conplete foundation investigation by an experi-
enced and capable engineering geologistor soils engineer.
Fortunately, however, the sophisticated approach to founda-
tion design which is required for permanent work is generally
unnecessary for fal sework, because in nost fal sework designs
maxi mum footing pressure is applied for only a short period
of time and relatively greater settlenments may be tol erated.

The Standard Specifications include a provision which re-
quires the contractor to denmonstrate by suitable load tests
that the soil bearing values assumed in the fal sework design
do not exceed the supporting capacity of the soil. This re-
quirenent is included in the specifications to further ensure
t he adequacy of the falsework foundation, and the engineer
should not hesitate to order a soil load test if he has doubt
as to the ability of the foundation material to support the
fal sework |oads. Note, however, that soil bearing capacity
may in nost cases be determned with sufficient accuracy for
fal sework design purposes by sinple, static |oad tests per-
formed by the contractor's forces. Odinarily, it wll not
be necessary to enploy the services of a private soils |ab

or consultant.

The following information has been prepared to assist the

engineer in those situations where a load test is necessary
to verify assumed soil bearing val ues.

General Information

Soil load tests should be nade at the |ocation where false-
work will be erected. Bearing pads for the test |oad should
be set on the sane material as the falsewdrk footing, and
soil noisture content should approximate the content ex-
pected during fal sework use.

O her factors being equal, the larger the bearing area of the
test load pad, the nore reliable the results. Pad area
should be not less than two square feet in any case, and pref-
erably three square feet or nore in silty or clayey material
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A load test made on a relatively weak soil, such as clay or
silt, will denonstrate the bearing capacity of the surface
strata satisfactorily. Mre care should be taken in the test
where small footings axe used as these are nore critical than

| arger footings in this type of soil.

A load test nmade on a thick layer of granular soil overlying
a thin weak soil wll denonstrate the capacity of the upper
layer. It will tell little of the capacity of the |ower

| ayer since the test load is small and the pressure on the

| ower area may be al nost negligible since it is spread over
a large area.

The effect of a unit-load on a small area may not correspond
to the effect of the sane unit-load on a large area.

A short-tine load on a plastic soil may not have the sane
effect as the sane unit-load on a large area of |onger tine
duration, This is not true, however, for firm granular soils,
as time does not not affect this type of soil.

Load Test Procedure

As provided in the specifications, the contractor is respon-
sible for load test performance. The engi neer, however
nmust determine the suitability of the proposed test for the
given site conditions and evaluate the test results.*

To ensure uniformty, a "suitable" load test as this termis
used in the specifications will be interpreted as neaning a
test in which both settlenment and duration of |oad are
consi der ed.

One sinple and satisfactory test nethod is to apply a grad-
uaIIy-increasin% | oad with respect to a fixed tine interval
and to record the settlenment at the end of each time period,
The soil yield point is reached when a small increase in |oad
produces a large increase in settlenent. The |oad at yield
poi nt should be divided by a factor of safety of two to de-
termne the allowable bearing val ue.

* The Division's Engineering CGeology Branch is available for
consultation and advice as to the suitability of |oad tests
in agiven field situation, as well as interpretation of

test results.
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As an exanple, consider the following test in which the test
| oad was increased every 12 hours over a three-day period.

Ti e Tot al Load Sett| enent
| nt erval Ti e (T/ SF) (1nches)
12 hrs. 12 hrs. 1.0 0.2
12 hrs. 24 hrs. 2.0 0.6
12 hrs. 36 hrs. 2.5 1.2
12 hrs. 48 hrs. 3.0 2.0
12 hrs. 60 hrs. 3.25 2.8

4 hrs. 64 hrs. 3.50 4+

ts should be plotted as shown in the follow

Load test sul _
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Tramthe diagramit is evident that the soil yield point is

about 3.0 tons per square foot. This value should be divid-
ed by a factor of safety of 2.0 to determne the soil bear-
ing value at the ground surface, which in this case is

about 1.5 tons per square foot.
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If no clearly-defined yield point exists, as will be the case
in granular materials, the |load which produces a one-inch
settlenent nay be taken as the ultinate bearing capacity.
Again, this value should be divided by a 2.0 safety factor

to determine the allowable bearing val ue.

Anot her nethod takes into consideration the ratio of the size
of the test pad to the size of the proposed fal sework pad,

along with the contractor's anticipated settlenment. In this
net hod the general fornmula for determining the total | oad
which may be supported by a given -soil is expanded to include

peri neter shear, as shown by the follow ng relationship:
W=Ap = An + Pm

In the fornmula, Wis the total load in pounds, A is the pad
area in square feet, p is the allowable soil bearing val ue

in pounds/ square foot, P is the pad perineter in feet, n is
the conpressive stress (psf) on the soil colum directly be-
neath the pad, and mis the Perineter shear in pounds/I|inea

foot.
If the ratio of perinmeter (P) to the area (A is (x) then
p=WA=nx +n

Values of mand n are found by test loading two or nore
plates having different areas and perineters. The | oad
whi ch produces the contractor's assuned pad settlenent is
taken as the allowable stress.

As an exanple, determ ne the bearing capacity of a 10-foot
square footing if the contractor's proposed pad settlenent
is one-half inch.

Take two test pads, one two feet square and one three feet
square. The snaller supported 25,200 pounds at one-half
inch settlenent. The larger, 39,700 pounds at the sane

settl enment.

W A P
Smal | er 25,200 | bs 4 SF 8 LF 25,200 = 4n + 8m
Lar ger 39,700 Ibs 9 SF 12 LF 39,700 = 9n + 12m
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Solving for (m and (n), m= 2840 |bs/LF and n = 620 psf.

For the actual footing, (x) = 40/100 = 0.4. By substituting
values of (m, (n) and (x) into the equation p = nx + n, the
al l owabl e soi |l bearing value, p, = 2840(0.4) + 620 = 1755 psf

| nvestigating of Underlying Weak Strata

Test results, as discussed thus far, give only an indication
of the allowable soil bearing values at the surface. If a
weak underlying strata exists, as indicated in the |og of
test borings, consideration should be given as to whether
this strata will support the actual falsework |oad w thout
excessive settlement.

An assunption can be made that the load is sFread with depth
on a l:2 slope as shown in Figure 1, which also shows a typ-

i cal boring diagram
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As can be seen, in Figure 2, the soil pressure at the surface
|-1/4 tons/square toot for both the test and the actual
S

S
fal sework pad. The gressure on the weak underlying strata in
the test load is 0.035 tons/square foot, a reduction of 36:|
due to load spreading. In the actual condition the pressure
is 0.18 ton/square foot, a reduction of only 7:1, and this
pressure may be nore than the strata can safely support.

To help the engineer in his analysis, charts show ng allow
abl e soil Pressure for clay and sandy soils are reproduced
on the followng tw pages. These charts may be used to give
a general idea of the allowable bearing, based on soi
classification.

Sett| enent

Wth the current enphasis on limted settlement of falsework,
the engi neer nust be able to assess the probability that a
given settlenment, as predicted by the contractor, wll actu-
ally occur. Sone general statenents may help in predicting
these settlenents.

1. Granul ar Materi al

The maxi mum settlement will occur under the |oad as
it is applied, and is usually small in nagnitude.

2 . Silt and Fine Sand

A large part occurs as the load is applied. Mre
occurs as the water is squeezed out under |ong-
termloading. If the water table rises, a “quick”
condition may result with floatation of the fine
grains and a resulting settlenent increase at

this later date.

3. Jay

Again, part of the consolidation occurs as the
load is applied, but the rate of consolidation
decreases with tine. Settlenent ny al so occur
due to drying out of clay in the summer. All
settlement is due to a squeezing out or |oss of
nmoi sture in the clay.
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ALLOWABLE BEARING ON SANDY SOILS
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ALLOWABLE BEARING TONS PER SQ. FT.

N CLAYEY SOILS
e

o 5 10 15 20 25 30

35 40 45 SO

NUMBER OF BLOWS PER FOOT, 1.4™ SAMPLER 140-LB HAMMER 30" FALL

BEARINGS AS GIVEN ABOVE WiLL GEMERALLY BE CONSERVATIVE FOR CLAYEY SOILS.

" WEAK STRATA AT SOME DISTANCE BELOW
FOOTINGS MAY IN CASES CAUSE MORE

SETTLEMENT THAN SOIL LAYERS IMMEDIATELY
BELOW T:E FOOTINGS,

FOR SAME UNIT PRESSURE, LARGE FOOTINGS
SETTLE MOST. THIS IS PARTICULARLY SO
WLERE CLAY STRATA ARE |NVOLVED,

GREATEST SETTLEMENTS MAY GENERALLY

BE EXPECTED AT CENTERS OF LOADED
AREAS,

)
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SETTLEMENTS TEND TO INCREASE WITH THE
FOLLOWING:

1) SOFTNESS OF THE CLAYEY MATERIAL.

2) THICKNESS OF THE COMPRESSIBLE STRATA,

3) CLOSENESS OF CLAY STRATUM TO GROUND
SURFACE,

4) AMOUNT PROPOSED LOADING EXCEEDS PAST
LOADING

S) WIDTH OF FOOTING OR LOADED AREA,

6) HEIGHT OF WATER TABLE,

7) LIQUID LIMIT,

SHEAR FAILURES ARE MOST APT TO OCCLR WHEN:
1) FOOTINGS ARE SALL.
2) SETTLEMENTS ARE LARGE.



